Submitted February 1, 2006; accepted October 11, 2006 "Participation", that is, persons' own lived experiences of their involvement in a life situation (1) is a new concept in the context of the World Health Organization's (WHO) classification of health outcomes (c.f. 1, 2) and has replaced the concept "handicap" (2) . A review of current instruments in the area shows that few measure participation in accordance with the definition in the International Classification of Function ing, Disability and Health (ICF) (3) . In addition, in the ICF, participation is coded through an individual's performance, i.e. doing in their current environment, and assessed against population standards (1) . This indicates a need to develop instruments that more fully take into consideration persons' own perspectives of involvement in life situations. Otherwise, there is a risk that objective perspectives may overshadow the lived experience of persons with disabilities, and thereby influence the prioritization and design of services, both at the individual level and at the level of society.
One instrument measuring participation is the Impact on Participation and Autonomy questionnaire (IPA). The IPA was developed in the Netherlands and has been translated into English, Swedish and German (4) . It is a generic questionnaire intended for adults with chronic conditions associated with a wide range of diagnoses. The instrument was developed based on the standpoint that autonomy adds a personal perspective that is important in understanding participation (5) . In the IPA, an individual's perceived participation is covered in 31 items, and problems with participation are covered in an additional 8 items (6) . The original version of IPA has been shown to have good construct, convergent and divergent validity, although a few items were found to be psychometrically weak. The IPA also showed good test-retest reliability and homogeneity, and the ability to detect change over time (7) (8) (9) .
Given the potential advantages and psychometric strengths of the IPA, we decided to use the IPA to describe participation in persons with spinal cord injury (SCI) in Sweden (10) . A Swedish version of the IPA (IPA-S) was developed (10) through a forward-backward translation procedure (11, 12) of the original Dutch version. Even if the IPA-S translation is equivalent to the original version, one cannot assume that the properties of the previous version pertain to the next version. Thus, while previous studies support the psychometric properties of the original Dutch version of the IPA, research is still needed to establish the validity and reliability of IPA-S.
The overall aim of the present study was to evaluate aspects of internal scale validity and reliability of the IPA-S for use with people with SCI. Specifically, the aims were to evaluate internal scale validity of each of the 2 IPA-S scales in terms of: (i) whether the items defined a single unidimensional construct; (ii) whether the items were appropriately spread along the linear continuum of increasing difficulty; and (iii) whether the items were well targeted to the sample. Finally, reliability was evaluated in terms of whether the items separated persons into distinct levels of participation. Internal scale validity of IPA-S
METHODS

Procedure and participants
Potential participants were identified from a database at a SCI rehabilitation unit in the southern part of Sweden, whereupon the IPA-S was posted to 278 persons. A detailed description of the sampling and data collection procedure is presented elsewhere (10) . In total, 161 persons with SCI, age range 17-84 years (mean age 52 years, standard deviation (SD) 18.2), participated in the study. As shown in Table I , most had paraplegia. Each participant's SCI was either complete or incomplete, which was reflected by their preferred form of mobility. Most needed social support in their activities of daily living, but 41% needed no social support.
Instrument
The IPA questionnaire contains 39 items in 8 areas: (i) mobility (5 items), (ii) self-care (6 items), (iii) household tasks and family role (7 items), (iv) spending money (2 items), (v) leisure (2 items), (vi) social relations (8 items), (vii) paid work and voluntary work (6 items), and (viii) education and learning (2 items) (6) . Each of the 8 areas begins with one or several questions, each having the same format, about perceived participation in different life situations (for example: "My chances of getting around in my home are…"). For each question there were 5 response options: very good, good, fair, poor or very poor. At the end of each section of questions, there was a final question addressing the person's perceived extent of problems with participation within that area (for example: "With regard to your mobility, to what extent does your health or disability cause problems?"). The response options were: no problem, minor problems or severe problems. In accordance with the IPA manual (6), the items of perceived participation and perceived problems herein were coded in 2 separate sets of scores, with a range per item of zero to 4 and zero to 2, respectively. A higher score represented greater restriction in participation or greater perceptions of problems in participation. The IPA manual recommends that respondent's scores (self-ratings) on the items of perceived participation are summed for each of the domains: autonomy indoors, autonomy outdoors, family role, social relationships and work and education (6) . Since we viewed all 5 domains as representing the same underlying construct, our plan was to analyse them together -one set for participation and one set for problems.
Rasch rating scale analysis
The data were analysed using a Rasch rating scale model and Winsteps software version 3.58 (13) . Rasch analysis computer programs convert ordinal raw scores through logistic transformation into equal interval measures expressed in terms of log-odds probability units, i.e. logits. This analysis makes it possible to position persons and items (in equal units) on the same linear scale continuum according to their estimated item calibration values and person-perceived participation measures. Rasch analyses also generate detailed goodnessoffit statistics and separation statistics for items and persons (14) (15) (16) . Goodnessoffit statistics are used to estimate whether the items and persons fit the assertions of the respective Rasch measurement model. The assertions of the simple Rasch model are: (i) when a group of persons is scored on a set of items, persons with more ability have greater probability of accomplishing difficult items than persons with less ability; and (ii) all persons are more likely to accomplish easier items than more difficult ones (14) . Transformed to the present study, the assertions of the simple Rasch model of the IPA were: (i) persons perceiving more participation have greater probability of obtaining lower scores on IPA items than persons perceiving less participation; and (ii) all persons are more likely to get lower scores on items perceived as easier for participation than items that are perceived as more difficult for participation.
The item calibration values represent the item's position on the linear scale continuum. The item calibration values should progress from easy to difficult, with an appropriate spread of items. Large distances be tween the items result in a test that may not discriminate well between persons within or near those gaps. If a test is well targeted for a sample, the persons' perceived participation measures should fall between the boundaries of the most difficult and the easiest items. A lack of items at the upper and lower ranges of the persons may also decrease the ability of the test to separate persons into levels of participation. The test information function is the sum of the item information functions (17) . Dips in the function indicate less sensitivity. Person separation statistics can be used to evaluate the number of statistically distinct strata of person measures that are distinguishable (14, 16) . Person standard errors (SE) can be used to examine sensitivity to changes and high SE indicates lack of sensitivity (14) .
The goodnessoffit statistics, the mean square (MnSq) and standardized goodnessoffit statistics (z), for the items were examined to determine whether the items met the measurement requirements for unidimensionality. The expected MnSq is 1.00 and the expected value of z is zero. For example, if an item that had a low likelihood of being endorsed, and a person with low perceived participation reported unexpectedly high perceived participation on that item, that item would have high decreased goodnessof fit. When an item misfits, this can indicate that the item is deficient related to the rest of the items on the scale and represents another construct (14, 16) . A test is considered to have acceptable unidimensionality when at least 95% of the items fit the Rasch measurement model (14) .
The psychometric properties of IPA-S were evaluated in 2 phases. One part included the 31 items covering perceived participation and the other part included the 8 items covering perceived problems with participation. The evaluation of the 2 parts followed the same steps of analysis. In the first step, the structure of the rating scale was evaluated. Since no evidence of average measure or step calibration disordering was found (18), we proceeded to evaluate the psychometric properties of the scale: (i) evidence of internal scale validity in terms of unidimensionality; (ii) evidence of targeting by comparison of person mean to item mean and by visual inspection of the person-item variable map of the item calibration values in relation to the persons' perceived participation measures on the same linear continuum; and (iii) evidence of separation reliability.
If we found misfit among the items our plan was to omit one item at a time starting with the item that had the highest MnSq and z until either: (i) no more items misfit; or (ii) separation values began to decrease. Then, if items were removed, our plan was to compare the measures estimated based on the inclusion of all items to the measures estimated based on the removal of the misfitting items in order to determine the extent to which the misfitting items disrupted the measurement system. We preset our criteria for misfit at MnSq ≥ 1.4 (19) with an associated z ≥ 2.0 (20) . In addition, a principal component analysis of the standardized residuals was planned to be undertaken after all the misfitting items had been removed to confirm unidimensionality of the scales. Finally, it is important to note that a rating scale model is generally preferred when the definition of the rating scale is the same for all items. An Andrich partial credit model should be used when the definition of the rating scale differs from item to item (14) . Since there may have been a risk that the rating scale steps of one or both scales differed among items, we also evaluated whether the use of a partial credit rating scale model would result in enhanced goodnessoffit.
The results of our analysis of the data using an Andrich paritial credit model (where each item had its own rating scale structure) were similar in terms of item misfit and need for subsequent item removal. Since the overall results were slightly better with the original rating scale model than with the Andrich model, we retained the original rating scale model, and report only those results below.
RESULTS
The analysis of all of the 31 items of perceived participation scale showed that 4 of the items misfit (Table II) . The hierarchy of the items showed that the 3 least challenging items, placed at the upper end of the hierarchy, related to different aspects of participation in interactions with nearest person. Three of the 5 most challenging items at the lower end of the hierarchy were related to different aspects of participation in work. Fig. 1 shows the distribution of all items and all persons on a common linear continuum of perceived participation, ranging from persons perceiving less participation and items that are easier to report high perceptions of at the top, to persons perceiving more participation and items that are more difficult to report high perceptions of at the bottom. In the left-hand column of Fig. 1 persons are plotted at their perceived participation measure and in the 3 columns on the right, the items are plotted. In the middle column, the items are plotted at the rating scale midpoint. In the first and third columns are the first and last rating scale steps.
The distribution of persons ranged from 2.45 to -6.35 logits. When the full range of the item difficulties is considered in relation to the person distribution (Fig. 1) , it reveals that persons' perceived participation is not fully covered by the range of the item calibration values, and that items that might better differentiate persons perceiving most participation are missing. The mean of the persons' perceived participation measures (-0.61 logits) was lower (indicating higher participation) than the mean of the item calibration values (zero Table II .
Measurement report of items of perceived participation in the Swedish version of the Impact on Participation and Autonomy questionnaire (IPA-S). The items at the top are easier to report high perception of participation in than those at the bottom of the list
Perceived participation
Infit . Further analysis undertaken to evaluate whether any systematic patterns were found among the 14 persons with the highest perceived participation measures (< -3.0 logits) revealed that 12 of them walked without using any aids and that 2 of them used a wheelchair. Twelve of the 14 persons needed no support in activities of daily living, 12 worked or studied and 2 had retired. The test information function (Fig. 2 ) indicated good sensitivity, and the person SEs that ranged from 0.19 to 0.33 for persons between 2.45 and -2.06 logits and increased to ≥ 1.00 logits for persons with measures above -4.68 logits. The person separation index was 4.14 (separation reliability = 0.94), indicating that the distribution of persons could be separated into 5 statistically distinct levels (21) .
In accordance with our plan, misfitting items were removed one at a time until no more item misfits remained. The analysis resulted in the exclusion of the following 4 items: "Intimate relationship", "Spending income as wished", "Achieving or maintaining a job one wants" and "Contacts with colleagues".
The separation index for persons remained essentially stable during the removal of the 4 items (varying between 4.14 and 4.06), continuing to indicate that the person distribution could be separated into at least 5 statistically distinct strata. The remaining 27 items demonstrated acceptable goodnessoffit and thereby constituted a valid unidimensional scale. The distribution of the items and persons showed that the range of both persons and items increased after the exclusion of the 4 items. The items ranged from 1.68 to -1.78 logits and the persons from 2.58 to -6.34 logits. The mean of the persons' perceived participation measures (-0.66 logits) also increased after the item exclusion was completed, and the number of persons who had minimum estimated measure after the exclusion process was completed increased from 5 to 6. A principal component analysis of the standardized residuals revealed that only 2.3% of the unexplained variance was explained by the first factor, further supporting the unidimensionality of the perceived participation scale.
The second phase of the analyses comprised the evaluation of IPA-S perceived problems with participation scale. The item calibration values and the item goodnessoffit statistics are shown in Table III . The item calibration values ranged from 1.08 to -1.13 logits (mean zero), with the item that was easiest to report a low perception of problems with, financial situation, at the top and the item that was most difficult to report a low perception of problems, work, at the bottom. The person measures ranged from 5.89 to -5.89 logits (mean = 0.26). Thirty-three person measures (20%) were below or above of the range of the items calibration values, indicating that items differentiating between persons perceiving both more and less problems with participation are lacking (Fig. 3) . Five persons had maximum estimated measures and 14 persons had minimum estimated measures. The test information function (Fig. 4) supports lack of sensitivity of the scale, likely due to the limited range and number of gaps (especially at mid-range of the scale) between items (Fig. 3) . SEs for persons generally ranged from 0.70 to 0.87 for persons between 3.16 and -3.16 logits, but for persons with measures ≥ 3.87 and ≤ -3.49, the person SEs increased to ≥ 1.00 logits, supporting lack of sensitivity. The separation of the persons was 2.13 (separation reliability = 0.82). This indicated that the person distribution could be separated into at least 3 statistically distinct strata (21) . The initial analysis of the perceived problems with participation scale revealed that one of the problem items misfit: financial situation (Table III) . When this item was removed, an additional item, education, misfitted. The final analysis resulted in 2 excluded items with the remaining 6 items showing acceptable goodnessoffit. The person separation index remained stable during the analysis (varying between 2.13 and 2.16). Thus, the distribution of persons continued to be separated into 3 statistically distinct levels even after the exclusion of the 2 items. The distribution of the items calibration values increased after the exclusion process was completed and ranged from 1.54 to -1.29 logits (mean zero). After the exclusion, the item "social relationships" was the item that it was easiest to report low perceptions of problem with. The 2 gaps between items on the linear continuum increased to be close to or more than 1.00 logits after the exclusion process was completed. The spread of person measures remained essentially unchanged after the exclusion of the 2 items, ranging from 5.89 to -5.86 logits (mean = 0.36). The number of persons having maximum estimated measures increased to 12 persons and those having minimum estimated measures increased with one person to 15. A principal component analysis of the standardized residuals revealed that 10.4% of the unexplained variance was explained by the first factor, tentatively supporting unidimensionality. 
DISCUSSION
The combined results of the goodnessoffit evaluation and the principal component analysis revealed that the IPA-S, when used to evaluate persons with SCI, is comprised of 2 unidimensional scales. The final perceived participation scale (after removal of the misfitting items) had 27 items and the final perceived problems with participation scale had 6 items. The hierarchy of the calibration ordering of the items in the scales appears logical, as for example items related to interactions with nearest person would be expected to be easier to report high perceptions of than items related to interactions with acquaintances. In the same way, items related to work would be expected to be the most challenging. Thereby, the hierarchy of items can also be said to support the construct validity of the scale. Four of the items for perceived participation did not demonstrate acceptable goodnessoffit. Likewise, the goodnessoffit statistics for 2 of the items for perceived problems with participation were not acceptable. Thus, the number of items that did not demonstrate acceptable goodnessoffit exceeded the preset criteria of no more than 5% misfit. Possible reasons why the item "intimate relationship" misfit can be related to the population studied, as a common consequence of SCI is sexual dysfunction (22) . The misfit of the items for perceived participation: "spending income", "achieving or maintaining a job one wants" and "contact with colleagues" and the misfitting items in the scale for perceived problems with participation: "financial situation" and "education" may be due to the influence of other external factors, such as local job markets and resultant job availability. For example, it is reasonable to assume that people with SCI have even greater difficulties obtaining or maintaining jobs now because of the frequent notices of dismissals and layoffs in the current labour market. Likewise, it is reasonable to assume that their resultant financial positions limit their possibilities of spending money and perhaps becoming more educated.
The fact that the revision of both IPA-S scales showed that the range of the item calibration values, as well as person measures, increased or remained essentially stable indicated that the misfitting items may have disrupted the measurement system. This confirms the idea that a higher number of misfits than expected can be a threat to the validity of the scale (14) . Therefore, it is important that the fit of these items are monitor ed in future studies with new groups of persons with different type of disabilities. If the same items continue to misfit when used with other groups of persons with disabilities, the items should be omitted from the scale (14) . However, if the same items fit other groups of persons with disabilities and continue to misfit for persons with SCI, the items can be divided into 2 items or omitted and an alternative version of IPA-S for persons with SCI can be developed.
The item calibration values showed that there were large distances (gaps) between some of the items in the perceived problems with participation scale of IPA-S and the effective logit range of the items was limited. There were notable floor (12 persons) and ceiling (15 persons) effects. In accordance with this, the test information function and SEs for persons indicated insufficient sensitivity. While low sensitivity is a disadvantage when measuring outcomes of rehabilitation interventions (23), low sensitivity was not apparent with the perceived participation scale. Slight ceiling effects were noted (6 persons). In contrast, the perceived problems scale may only be sensitive enough to identify those with and without perceived problems (or alternatively, those with mild vs severe perceived problems).
A plausible explanation of the ceiling effects noted in relation to our sample is that the postal questionnaire was sent to persons who did not fulfil the prerequisite for answering the IPA. That is, the instrument is aimed at persons with various chronic conditions and the analysis clearly showed that many of the respondents receiving perceived participation measures below the items calibration values had incomplete SCI with minimal disability. More specifically, of the 14 persons with the highest levels of perceived participation, 12 walked and were not in need of support from others in their daily activities. In addition, all of these 14 persons, except those who had retired, had returned to work or education. This may mean that new, more difficult items are not needed in the perceived participation scale. However, there were also persons at the lower end of the problem scale, indicating that their degrees of perceived problems were not captured by the range of the item difficulties. In accordance with previous research (7), it became evident here that the scale of perceived problems with participation is less sensitive to change than the scale for perceived participation. This can be seen as a disadvantage in relation to the fact that an absence of a persons' own perceived problems with participation are described as the optimum outcome measure following rehabilitation (7) .
The developers of IPA have revised some of the items included in the original version and have included 2 new items (24) . This means that the psychometric properties of the scale need to be examined again to determine whether the revised items and the new ones fit the underlying constructs. In addition, there is also a need to examine if these changes of the items have a positive impact on item targeting, the length of the scale, sensitivity and floor and ceiling effects. This examination will also reveal whether additional items need to be developed and added to the scales. Future research also needs to address the external construct validity to determine if the self reports on the scales really capture and measure participation.
In conclusion, our results show that the IPA-s comprises 2 unidimensional scales that measure perceived participation in 27 items and perceived problems with participation in 6 items for use in people with SCI. The psychometric properties of IPA-S are promising and indicate that IPA-S has potential to be further developed. Future studies with various groups of disabilities are needed to provide further evidence of the psychometric properties of the instrument.
ACKNOWLEDGEMENT
This study was supported by grants from the Swedish Council for Working Life and Social Research.
